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National stakeholders are becoming increasingly concerned about the inability of college graduates to think critically. Research shows that, while both faculty and students deem critical
thinking essential, only a small fraction of graduates can demonstrate the thinking skills necessary for academic and professional success. Many faculty are considering nontraditional teaching
methods that incorporate undergraduate research because they more closely align with the
process of doing investigative science. This study compared a research-focused teaching method
called community-based inquiry (CBI) with traditional lecture/laboratory in general education
biology to discover which method would elicit greater gains in critical thinking. Results showed
significant critical-thinking gains in the CBI group but decreases in a traditional group and a
mixed CBI/traditional group. Prior critical-thinking skill, instructor, and ethnicity also significantly influenced critical-thinking gains, with nearly all ethnicities in the CBI group outperforming peers in both the mixed and traditional groups. Females, who showed decreased critical
thinking in traditional courses relative to males, outperformed their male counterparts in CBI
courses. Through the results of this study, it is hoped that faculty who value both research and
critical thinking will consider using the CBI method.
INTRODUCTION
A National Crisis in Critical Thinking
Not since the time of Sputnik has the focus on national
science, technology, engineering, and mathematics (STEM)
reform been so strong. It is becoming abundantly clear that
the United States must revise STEM teaching practices to
maintain its international competitiveness. Increasing the
number of STEM majors in the pipeline is necessary (National Research Council [NRC] 2003; National Academy of
Sciences et al., 2005) but insufficient. We must also improve
STEM general education to promote an informed electorate,
produce more competitive college graduates, and capitalize
on this generation’s potential.
Recent national reports indicate that U.S. college graduates are becoming less competitive in the global marketplace. Research shows that a large majority of U.S. college
graduates lack essential critical-thinking and problemDOI: 10.1187/cbe.07–11– 0097
Address correspondence to: Ian Quitadamo (iq@cwu.edu).
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solving skills, abilities that directly contribute to academic
and professional success. A recent report reveals that 93%
of college faculty consider analytical and critical thinking
to be among the most essential skills students can develop, and while a majority of students believe college
experiences prepare them to think, only 6% of graduates
can actually demonstrate these essential skills (Association of American Colleges and Universities, 2005). The
questions being asked by many higher education faculty
are: (1) What is causing the disconnect between criticalthinking perception and reality? and (2) What tools can be
used to rectify the problem?
In order for students to better compete on the international stage, higher education faculty need to make practical
instructional changes. National recommendations are clear:
Science should be learned and taught as science is done in
the real world (American Association for the Advancement
of Science [AAAS], 1989; NRC, 1996, 2000). Specifically,
students must learn how to solve real-world problems and
apply knowledge in creative and innovative ways (Council
on Competitiveness, 2005; PKAL, 2006). In order for stu-
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dents to learn, their preconceptions of science must be engaged, they must “do” science as science is done by professionals, and they must become aware of how they think, not
just what they think (Bransford and Donovan, 2005).
Despite the accumulating evidence for the efficacy of nontraditional methods like inquiry-based instruction, many
faculty continue to resist pressures to modify their teaching.
The lack of studies that show clear connections between
critical thinking and STEM teaching methods (Tsui, 1998,
2002) may contribute to faculty reticence. Ultimately, convincing data and practical methods are necessary to motivate faculty to make the necessary instructional reforms.
One approach that may prove to be palatable for content
faculty is greater integration of research into the classroom.
In the laboratory and field, faculty intentionally set up investigative experiences that require students to structure
and create their own knowledge and skills under the guidance of a content expert. Many such discovery-based teaching methods are used successfully (Porta, 2000; DebBurman,
2002; Howard and Miskowski, 2005), but small-scale implementation in the classroom limits long-term meaningful instructional reform (Building Engineering and Science Talent,
2003). With regard to national recommendations, teaching
methods that focus more on integrating research experiences
may help students build core thinking skills, which in turn
will increase their academic and professional success in
ways that contribute to worker productivity and national
competitiveness (National Academy of Sciences et al., 2005;
Bybee and Fuchs, 2006; National Science Board, 2007). However, it is not always feasible to use research-focused teaching methods in STEM courses, particularly those with large
sections. What is needed is a practical instructional approach
that addresses faculty concerns and considers professional
values, improves critical-thinking skills, and connects teaching and learning to solving real-world problems. Considering that fewer students are choosing STEM disciplines in
college, it is also imperative that undergraduates be provided with authentic research experiences that increase engagement, relevance, and promote entry into STEM majors
(Smith et al., 2005; Russell et al., 2007).

The Centrality of Critical Thinking
The importance of critical thinking has been established
since the time of Socrates. Yet, despite the requirement of
critical thinking in many scientific endeavors, it is shocking
how few undergraduate students can demonstrate these
skills (Association of American Colleges and Universities,
2005), and how little emphasis is placed on explicitly teaching these skills in an organized and systematic way in STEM
courses (Miri et al., 2007). Critical thinking and the elements
that constitute it are described in detail elsewhere (Ennis,
1985; Facione and American Philosophical Association, 1990;
Jones et al., 1995; Facione, 2007), but briefly, critical thinking
is defined as a “process of purposeful self-regulatory judgment that drives problem-solving and decision-making,” or
the “engine” that drives how we decide what to do or
believe in a given context. Critical thinking comprises behavioral tendencies (e.g., curiosity, open-mindedness) and
cognitive skills (e.g., analysis, inference, evaluation; Ennis,
1985). Behavioral tendencies toward critical thinking appear
328

not to change, at least not over the short term (Giancarlo and
Facione, 2001; Ernst and Monroe, 2006). However, significant gains in critical-thinking skill can occur in as little as 9
weeks (Quitadamo and Kurtz, 2007). The academic and
personal benefits of critical thinking are fairly obvious; students tend to get better grades, use better personal reasoning
(United States Department of Education, 1990), and are preferentially employed (Carnevale and American Society for
Training and Development, 1990; Holmes and Clizbe, 1997;
National Academy of Sciences et al., 2005). It is also clear
from the literature that the majority of university faculty
value critical thinking as an essential student learning outcome (Association of American Colleges and Universities,
2005).

The Utility of Undergraduate Research
There exists a sizable body of knowledge on the benefits of
undergraduate research (Kardash, 2000; Hathaway et al.,
2002; Lopatto, 2004; Seymour et al., 2004; Hunter et al., 2007;
Russell et al., 2007), but few studies have explored the relationship between undergraduate research and critical thinking explicitly. Ten years ago, the Boyer Commission advocated research as a way to improve undergraduate science
education (Boyer, 1998). However, providing independent
research opportunities for each and every STEM undergraduate is not a reasonable goal for most colleges and universities. Furthermore, undergraduate research has rarely been
applied to general education courses, which host students
who arguably have the greatest need for these experiences.
Most studies of the effects of undergraduate research rely
on anecdotal evidence including academic performance
(e.g., GPA), undergraduate and alumni surveys of student
and faculty attitudes and perception, entry into STEM programs, and postgraduation marketability and employment
rates (Kinkel and Henke, 2006; Russell et al., 2007). A number of studies have found that undergraduate research experiences help students to develop their ability to conceptualize a scientific problem, design experiments, collect and
analyze data, draw conclusions in a contextual manner, and
in general to “think and act like a scientist” (Kardash, 2000;
Hathaway et al., 2002; Lopatto, 2004; Seymour, et al., 2004;
Hunter et al., 2007. Undergraduate research experiences
seem to lower barriers to primary literature and improve
perception of gains in content knowledge (DebBurman,
2002; Russell et al., 2007) regardless of institution type
(Lopatto, 2004). However, there is some indication that females do not benefit to the same extent as males (Kardash,
2000). Furthermore, while students seem to connect more
strongly to particular fields of study as a result of research
experiences (Lopatto et al., 2004; Hunter et al., 2007), they
remain largely unable to frame research questions, creatively design experiments to investigate their questions,
and lack an understanding of how scientific knowledge is
constructed over time (Hunter et al., 2007).
These studies provide important insight into the utility of
undergraduate research experiences and infer a correlation
between undergraduate research and greater research skill,
deeper content knowledge, entry into STEM majors, and
future success. While many studies have looked at standalone undergraduate research programs, few studies have
investigated the effects of research experiences as an integral
CBE—Life Sciences Education
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part of STEM general education courses, and even fewer
have investigated their specific effects on critical thinking. If
the majority of faculty believe that critical thinking is a core
outcome of higher education (Association of American Colleges and Universities, 2005) and undergraduate research is
a key method for improving student learning (Kardash,
2000; Hathaway et al., 2002; Lopatto, 2004; Seymour et al.,
2004; Russell et al., 2007), then it stands to reason that more
students should be able to experience these benefits, not just
a select few.

Using Community-based Inquiry to Integrate
Research and Critical Thinking
Instructional methods that incorporate elements of undergraduate research are called by different names. The terms
project-based learning, experiential learning, and community-based research generally refer to teaching methods that
promote student inquiry and discovery in an authentic context (Kolb, 1984; Blumenfeld et al., 1991; Sclove, 1995). Inquiry is recommended as a core teaching strategy in STEM
courses (American Association for the Advancement of Science, 1993; National Research Council, 1996), ranges from
teacher-guided to student-directed (Colburn, 2000), and can
provide a focus for laboratory activities or serve as a framework for an entire course. Some colleges and universities
have successfully used such community-based inquiry (CBI)
methods (Huard, 2001) to address critical-thinking outcomes
in STEM courses (Magnussen et al., 2000; Arwood, 2004;
Ernst and Monroe, 2006); but results supporting a relationship between critical thinking and inquiry-based instruction
are somewhat mixed. Some studies indicate that inquirybased instruction in STEM courses improves critical-thinking skill (Arwood, 2004; Ernst and Monroe, 2006; Quitadamo
and Kurtz, 2007) but not critical-thinking disposition in the
same time frame (Ernst and Monroe, 2006). Other studies
show inquiry-based instruction has no overall effect on critical thinking (Magnussen et al., 2000). Based on existing
literature, it is difficult to generate a clear picture of the
effect of inquiry-based teaching on critical thinking because
most studies do not focus on critical thinking explicitly
(Kardash, 2000; Hathaway et al., 2002; DebBurman, 2002;
Lopatto, 2004; Henke, 2006; Russell et al., 2007) or suffer
from issues like regression toward the mean (Magnussen et
al., 2000), the lack of a valid and reliable measure to assess
critical thinking (DiPasquale et al., 2003; Arwood, 2004),
nonmatched pretest and posttest scores, or lack of suitable
comparison groups that account for covariable effects (Kardash, 2000; Lopatto, 2004; Kinkel and Henke, 2006).

Purpose of the Study
This study was designed to discover whether CBI could
improve student critical thinking in general education biology courses compared with traditionally taught sections of
the same course using the valid and reliable California Critical Thinking Skills Test (CCTST). The research questions
that framed this investigation were:
1. Can CBI produce greater critical-thinking gains than
traditional methods in general education biology?
Vol. 7, Fall 2008

2. Do students experiencing CBI develop greater analysis,
inference, and evaluation skills than those who experience traditional instruction?
3. Do critical-thinking gains vary by gender, ethnicity,
prior thinking skill, or instructor?

METHODS
Study Context
This study took place at a regional comprehensive university in the
Pacific Northwest. Eight sections of a fundamentals of biology
nonmajors course over two successive years were included in the
study (n ⫽ 337). Two sections of conventional lecture/laboratory
were assigned as a traditional group (n ⫽ 82). Two sections that
partially implemented CBI but retained aspects of traditional instruction were assigned to a mixed group (n ⫽ 80). Four sections
that fully implemented CBI were assigned as the treatment group
(n ⫽ 175). Only students who completed both the critical-thinking
pretest and posttest were included in the statistical analysis.
All course sections were taught in similarly appointed modern
lecture classrooms and common laboratory facilities. Each lecture
section included a maximum of 48 students and was taught for 50
min 4 d/wk. Laboratory included 24 students per section and met 1
d/wk for 2 h. Laboratory for all sections took place in the same two
rooms except when field work was required. Two different instructors taught four CBI sections, one instructor taught both mixed
sections, and two instructors taught the traditional course sections
over successive fall terms. Lecture instructors materially participated in laboratory with support from one graduate assistant per
lab section. The same nonmajors textbook was used across all sections. None of the instructors from the CBI, mixed, or traditional
groups had implemented CBI previously.
CBI, mixed, and traditional groups differed primarily by the
instructional method used and the extent to which it was implemented. The traditional group used a standard lecture format and a
conventional laboratory manual with drill and skill-based exercises
that covered common themes of biology, including the scientific
method, ecology, evolution and natural selection, genetics and cell
biology, macromolecules, and basic biochemistry. These same topics
were covered in both the CBI and mixed groups using more nontraditional methods. Little emphasis was placed on student-driven
scientific inquiry in the traditional group, and probably the only
activities explicitly addressing critical-thinking skills were the discussion of and laboratory exercise on the scientific method. This
method did include small collaborative group work, but interactions were typically limited to completing the laboratory exercises.
The mixed group emphasized critical thinking somewhat superficially and included an inquiry laboratory component, but did not
include the case studies that were used in the CBI group to explicitly
connect critical thinking and scientific process. This group included
a standard lecture that did address some aspects of critical thinking.
The lab was inquiry based, but it was somewhat conceptually
disconnected from the other course work and was taught primarily
by the teaching assistants. The mixed group included collaborative
writing assignments for the group research proposal and poster (see
below). A comparison of methods used in CBI, mixed, and traditional groups is described in Table 1.

CBI Overview and Planning
The CBI and mixed group laboratory implemented undergraduate
research using quarter-long experiments organized around studentgenerated research questions. Naturalistic field observations during
initial lab meetings led to drafting of preliminary research proposals
based on student interest. Each proposal was connected in some
way to addressing a pressing community need (e.g., water quality,
amphibian decline). Proposals included a research question, null
and alternative hypotheses, predictions, anticipated materials and
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Table 1. Methods used in CBI, mixed, and traditional groups
Method
Lecture
Small group work
Collaborative writing
Student-driven inquiry
Critical-thinking framework
Case studies

CBI

Mixed

Traditional

⫹
⫹
⫹
⫹
⫹
⫹

⫹
⫹
⫹
⫹/⫺
⫹/⫺
⫺

⫹
⫹
⫺
⫺
⫺
⫺

⫹, ⫹/⫺, and ⫺ symbols refer to full, partial, or no use of method,
respectively.

methods, and a description of the experimental design. Students
worked with faculty and teaching assistants to revise proposals, to
collect necessary materials, and conduct their experiments over a
period of several weeks. When students needed to analyze their
data, they were taught mathematics and statistics using a just-intime approach (Novak et al., 1999). Students orally presented and
defended their research at a poster session during the final week of
laboratory. Some examples of student research projects included
frog capture-recapture, habitat selection, isopod tracking and migration, chemical effects on macroinvertebrate frequency and diversity, microbial contamination, water quality, environmental chemistry, and decomposition studies.
Initial CBI planning meetings took place just before the beginning
of the academic term and included graduate assistant and instructor
training to help them learn to consistently evaluate student work
(i.e., proposals) using a rubric. A range of samples from poor to high
quality was used to calibrate scoring and ensure consistency between evaluators from different sections within the CBI and mixed
groups.

Description of the CBI Method
The CBI instructional model consisted of four main elements that
worked in concert to foster gains in critical thinking. These elements
included: (1) authentic inquiry related to community need, (2) case
study exercises aligned to major course themes, (3) peer evaluation
and individual accountability, and (4) lecture/content discussion.
All four of these elements were integrated and used as a framework
(Sundberg, 2003; Pukkila, 2004) focused on promoting the development of critical thinking through application of the scientific
method (Miri et al., 2007).
On the first day of lecture, CBI instructors informed their students
that, in addition to traditional exams and quizzes, their course
performance would be evaluated using a combination of case study
exercises, peer evaluations, and a research poster presentation. Students were grouped into teams of three to four individuals during
the first laboratory session. The criteria for completing CBI assignments were further explained at that time.
Authentic science inquiry formed the cornerstone experience of
the CBI model that took place during laboratory. Student learning
outcomes were assessed using initial and final research proposals, a
laboratory journal, and a formal research poster. Teams were introduced to the scientific method and data collection during the first
few laboratory periods by examining some basic biological phenomena such as the dynamics of frog populations or the growth of
bacteria. Each team developed a written research proposal built
around their own research question with clearly defined independent and dependent variables, explicit null and alternative hypotheses, a detailed experimental design with anticipated materials and
methods, and predictions for experimental results.
Initial drafts of research proposals were composed in Microsoft
Word and submitted to course instructors using the campus Blackboard system. Each team’s research proposal (typically six per lab
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section) was evaluated for clarity, effective research question, hypotheses, predictions, research design, and practicality. An initial
grade worth 25% of the total proposal grade was assigned based on
the proposal rubric (see Supplemental Material A). Evaluators electronically inserted comments and suggestions (largely in the form of
Socratic questions (Faust and Paulson, 1998; Elder and Paul, 2004)
using Microsoft Word “track changes” tools. Each student team
received their evaluated proposals electronically along with a completed proposal rubric. Teams addressed comments and suggestions and submitted a final draft worth 75% of the total proposal
grade.
Once proposals were approved, students spent the remainder of
laboratory time executing their research projects, collecting and
analyzing data, and producing a formal research poster. Research
posters included all components normally associated with a scientific manuscript, including an introduction, materials and methods,
results, discussion, conclusions, and a literature cited section. CBI
instructors provided students with a research poster rubric (see
Supplemental Material B) ahead of time to clarify performance
expectations and to help students gauge their own efforts. During a
final poster session, students used the research poster rubric to peer
evaluate other team posters. A compilation of all peer poster evaluations was incorporated into each team’s final poster grade.
CBI students were required to keep a personal research journal
summarizing all laboratory work. As with research proposal and
poster rubrics, journal evaluation criteria were given to the students
on the first day of laboratory (see Supplemental Material C). Collectively, CBI research proposals, journals, and posters accounted
for approximately 23% of the students’ final course grade.
Case study exercises were used during lecture to increase student
understanding of the scientific method. Approximately eight to 10
lecture periods were devoted to case study work during the term.
Each case study exercise was designed around a major theme in
biology (e.g., the scientific method, molecules and cells, molecular
genetics, evolution, and ecology) and intended to mimic and reinforce the scientific process used for CBI in the laboratory. Case
study exercises followed a slightly modified version of the interrupted case method (Herreid, 1994, 2004, 2005a) where students
worked in the same collaborative teams as for laboratory and submitted all answers in writing. Each exercise consisted of multiple
parts (usually four) that were completed sequentially. The decision
to use collaborative teams to support CBI was partly based on
existing literature (Collier, 1980; Bruffee, 1984; Jones and Carter,
1998; Springer et al., 1999) and prior research that showed writing in
small groups helps to measurably improve undergraduate criticalthinking skills (Quitadamo and Kurtz, 2007).
In the case study exercises, students were required to work
through the scientific method, identify important questions and
variables, state hypotheses, integrate important content information
(supported by lecture), propose experiments, analyze data, and
draw reasoned conclusions based on real examples from the scientific literature (see Herreid [2005b] for one example of a case study
used in this part of the CBI model). Each research team submitted
their answers using Microsoft Word as described above, were evaluated using a case study rubric (see Supplemental Material D), and
were assigned an initial grade (33% of the total case study assignment grade). Instructors or graduate assistants who evaluated each
team’s case study submission posed additional Socratic questions
(Faust and Paulson, 1998; Elder and Paul, 2004) aimed at clarifying
the initial questions and/or answers. Teams reflected on initial
proposal rubric scores and instructor comments, and were then
allowed to revise and resubmit their work. This reflection and
revision strategy was used in an attempt to develop student critical
thinking (Dewey, 1933; Brookfield, 1987) and metacognitive awareness (Bransford and Donovan, 2005). Answers were reevaluated
using a final proposal rubric (66% of the final case study assignment
grade). Altogether, the case study exercises accounted for approximately 20% of the final course grade.
Peer evaluations were another element of the CBI model that
provided individual accountability within each research team. This
CBE—Life Sciences Education
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Table 2. Participant demographics
Age (%)

Gender (%)

Sample

No.

⬍17

18 –19

20 –21

22–23

24 –25

26⫹

M

F

CBI
Mixed
Traditional
Overall

175
80
82
337

3.9
1.3
2.4
2.5

52.6
52.4
48.8
51.3

27.9
36.3
36.6
33.6

7.4
5.0
9.7
7.4

2.2
1.3
1.3
1.6

6.0
3.7
1.2
3.6

35.4
33.7
54.9
39.8

64.6
66.3
45.1
60.2

Ethnic distribution (%)
Sample

337

Caucasian

Asian

Hispanic

African-American

Native American

Other*

CBI
Mixed
Traditional
Overall

175
80
82
337

78.9
77.5
76.8
78.0

5.7
8.8
9.8
7.4

7.4
6.3
3.7
6.2

2.9
2.5
2.4
2.7

1.1
0.0
1.2
0.9

4
4.9
6.1
4.8

*Other includes the “choose not to answer” response.

was done to help students reflect on and evaluate their own performance, maximize individual contributions to the group, and
make sure students received credit proportional to their contributions. A peer evaluation rubric was used to assess team members
based on their contributions, quality of work, effort, attitude, focus
on tasks, work with others in the group, problem solving, and group
efficacy (see Supplemental Material E). The average peer evaluation
score for each student was included as approximately 5% of the
final course grade.
The final element in the CBI instructional model was the lecture.
As with traditional lecture sections these were largely content
driven, but were also modified to focus on supporting both the CBI
and the case study exercises within a framework of critical thinking.
As with the CBI laboratory and case studies, the scientific method,
inquiry as a process, and Socratic questioning (Faust and Paulson,
1998; Elder and Paul, 2004) were emphasized. Traditional exams
and quizzes accounted for approximately 53% of a student’s course
grade.

Research Design and Statistical Methods
A quasi-experimental pretest/posttest control group design was
used to determine critical-thinking gains in CBI, mixed, and traditional groups. This design was chosen because intact groups were
used and it was not feasible to randomly assign students between
course sections. In the absence of a true experimental design, this
design was the most useful because it minimizes threats to internal
and external validity (Campbell and Stanley, 1963). Additional
threats were managed by administering the CCTST 9 wk apart, and
by including multiple covariables in the statistical analysis. Pretest
sensitivity and selection bias were potential concerns, but minimized via the use of a valid and reliable critical-thinking assessment
evaluated for sensitivity (Facione, 1990) and by statistically accounting for prior critical thinking in critical-thinking gains.
Student critical-thinking skills were assessed using an online version of the CCTST (Facione, 1990; Facione et al., 1992, 2004). Criticalthinking gains between CBI, mixed, and traditional groups were
evaluated using an analysis of covariance (ANCOVA) test, which

CT Pre

CT Post

70

60

Figure 1. Comparison of national percentile critical-thinking gains between CBI,
mixed, and traditional groups. National
percentile ranking was computed using
CCTST raw scores, an equivalency scale
from Insight Assessment, and a linear conversion script in SPSS. Values above columns represent net gains in percentile rank.
Error bars represent standard error of the
mean.
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was used to increase statistical accuracy and precision. Covariables
used in the ANCOVA included prior critical-thinking skill (CCTST
pretest scores), gender, ethnicity, age, class standing, time of day,
instructor, course section, and academic year. Paired-samples t tests
were used to compare CCTST pretest to posttest scores for the CBI,
mixed, and traditional groups to determine whether gains or declines were significant. Mean, SE, and effect size were also compared between the CBI, mixed, and traditional groups.

RESULTS

showed the sample approximated a standard normal curve
(data not shown).
Prior critical thinking (indicated with pretest scores) was
compared across CBI, mixed, and traditional groups to establish baseline thinking performance. Pretest scores were
also used to determine whether students with low prior
thinking skill showed greater gains than students with high
prior thinking skill (regression toward the mean).

Effect of CBI on Critical-Thinking Gains

Participant Demographics
A distribution of age, gender, and ethnicity was constructed
to provide context for experimental results (see Table 2). In
general, demographics were consistent across CBI, mixed,
and traditional groups. CBI and mixed groups had more
females than the traditional, which had a near-even gender
split. Most participants were Caucasian, with Asian-American, Latino/Hispanic, African-American, and Native American students constituting the remainder with decreasing
frequency.

Statistical Assumptions
ANCOVA tests were used to parse out effects of a number of
variables on critical-thinking gains, and to more accurately
and precisely analyze critical-thinking differences between
CBI, mixed, and traditional groups. Error variance across
groups (homogeneity of covariances) and normal distribution (normality) assumptions were evaluated using Levene’s
test and a frequency histogram of CCTST gain scores, respectively. Levene’s test results, F(2, 334) ⫽ 0.995, p ⫽ 0.371,
indicated error variance did not differ significantly across
CBI, mixed, and traditional groups. A frequency distribution
of critical-thinking gains (pretest/posttest difference)

Significant pretest/posttest critical-thinking gains were observed for the CBI group (p ⫽ 0.0001), but not for mixed (p ⫽
0.298) or traditional (p ⫽ 0.111) groups. Critical-thinking
gains differed significantly between the CBI and traditional
(p ⫽ 0.13) groups but not the mixed group (p ⫽ 0.076; see
Figure 1). Critical-thinking gains in the CBI group were
more than 2.5 times greater than the mixed group, and
nearly 3 times greater gains than the traditional group (see
Table 3). National percentile equivalent scores for critical
thinking indicated the CBI group gained 7.01 (44th to 51st
percentile), whereas the mixed and traditional groups decreased ⫺1.64 (42nd to 40th percentile) and ⫺4.17 (56th to
52nd percentile), respectively.
Results indicated that gender, age, class standing, and
academic term did not significantly influence critical-thinking outcomes. However, prior critical-thinking skill, instructor, and ethnicity significantly affected critical-thinking
gains (see Table 4). Prior critical-thinking skill had the greatest significant effect on critical-thinking gains of any variable
tested, with 4 times greater effect than instructor and over 5
times greater effect than ethnicity.
CBI, mixed, and traditional groups were subsequently
divided into gender and ethnic subgroups to determine
which group benefited most from each instructional meth-

Table 3. CBI effect on total critical-thinking gains
CCTST mean raw score
Treatment

No.

Pre

SEM

Post

SEM

Raw CT Gain

CBI
Mixed
Traditional
Overall

175
80
82
337

15.64
15.49
17.77
16.12

0.34
0.49
0.52
0.25

16.95
15.09
17.12
16.55

0.37
0.52
0.58
0.27

1.31*
⫺0.40
⫺0.65
0.43

SEM indicates standard error of the mean. *Significance tested at 0.05 level.

Table 4. Factors significantly affecting critical-thinking gains
Treatment
CBI
Prior critical thinking
Instructor
Ethnicity

F

df

P

Power

Effect size

3.171
27.665
5.594
4.983

325
325
325
325

0.043*
0.000*
0.019*
0.026*

0.605
0.999
0.655
0.605

0.019
0.078
0.017
0.015

Prior critical-thinking skill indicated by CCTST pretest. *Significance tested at 0.05 level. Effect size represented in standard units.
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od(see Tables 5 and 6). In the CBI group, female criticalthinking gains in national percentile rank were 1.3 times
greater than male gains, but 5.4 times less than males in the
mixed group and nearly 2 times less than males in the
traditional group. The greatest critical-thinking gains for all
ethnicities occurred in the CBI group, with Asian/Pacific
Islander, Caucasian, Other, Hispanic, and African-American
in decreasing order of performance. In the mixed and traditional groups, nearly all students showed nonsignificant
decreases in critical-thinking skill, with the exception of
Caucasian students who showed very slight gains in the
mixed group and Hispanic students who showed gains in
the traditional group.
The effects of CBI on gains in the component criticalthinking skills of analysis, inference, and evaluation were
also investigated. Students in the CBI group showed significant gains in inference and evaluation skill, whereas students in the traditional group showed significant decreases
in inference skill (see Figure 2). Mixed group students
showed no significant change in any component skill. Students from the CBI group showed 9.4 times greater analysis,
9.2 times greater inference, and 4.2 times greater evaluation
skill gains than the mixed group. The CBI group also
showed 7.4 times greater analysis, 13.4 times greater inference, and 4.2 times greater evaluation skill gains than the
traditional group.

DISCUSSION
The purpose of this study was to discover whether CBI
could elicit greater gains in critical thinking than traditional
lecture/laboratory instruction in general education biology
courses. The CBI group showed the only significant change
in overall critical thinking, with large gains in national per-

centile rank compared with mixed and traditional groups.
The CBI group also showed the only significant gains in
inference and evaluation skills, whereas mixed and traditional groups showed either no change or significant declines in inference skill. Small evaluation skill gains were
observed for mixed and traditional groups, although CBI
evaluation gains were more than 4 times greater. Females,
who showed larger critical-thinking decreases than males in
traditionally taught courses, outperformed males when CBI
was used. CBI also produced greater gains in critical thinking than traditional methods for nearly all ethnic groups.
Collectively, these results indicate that CBI students outperform traditionally taught students and show greater gains in
overall critical thinking and analysis, inference, and evaluation skill.
Students in the traditional group showed the largest critical-thinking declines even though they began the term with
the highest prior critical-thinking skill. Although not significant in this study, this negative trend has been observed in
nearly every traditionally taught biology course we have
investigated to date. While it is not totally clear as to why
critical-thinking skills decrease, it is reasonable to suggest
that traditional methods are less effective because they are
not conducive to how students learn science most effectively
(Bransford and Donovan, 2005). Traditional methods typically do not build from students’ prior knowledge, are disconnected from how science is done in the real world, and
generally do not promote student awareness of how they
learn (Bransford and Donovan, 2005). In contrast, nontraditional methods like CBI may be more effective because they
build from what students already know, allow them to
experience authentic scientific research, and require them to
reflect and improve in ways that increase self-awareness and
metacognition. The mental constructs produced from expe-

Table 5. Critical-thinking gains by gender
Female

Male

No.

%tile

SEM

No.

%tile

SEM

113
53
37
203

7.630
⫺3.477
⫺5.704
2.300

2.305
2.567
3.937
1.526

62
27
45
134

5.883
1.959
⫺2.909
2.140

2.159
4.133
2.857
1.638

CBI
Mixed
Traditional
Total

Gains based on CCTST national percentile. SEM refers to standard error of the mean.

Table 6. Critical-thinking gains by ethnicity
Caucasian
No.
CBI
Mixed
Traditional

%tile SEM

138
7.45
62
0.11
63 ⫺1.54

1.67
2.62
2.63

Asian, Pacific
Islander

Hispanic, Latino

African-American

Native American

Other*

No.

%tile

SEM

No.

%tile

SEM

No.

%tile

SEM

No.

%tile

SEM

No.

%tile

SEM

10
7
8

11.79
⫺5.19
⫺19.93

5.74
6.22
8.41

13
5
3

2.85
⫺5.65
9.25

4.27
4.07
13.42

5
2
2

1.55
⫺18.41
⫺16.51

11.47
16.46
4.18

2
0
1

⫺4.91
0.00
⫺34.11

9.57
0.00
0.00

7
4
5

7.32
⫺9.18
⫺9.85

17.28
8.44
9.88

Gains based on CCTST national percentile. SEM refers to standard error of the mean.
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riential methods like CBI are more likely to promote critical
thinking (Wesson, 2002; Miri et al., 2007).
In addition to CBI, prior critical-thinking skill and instructor significantly affected critical-thinking performance. Although some overlap between method and instructor was
expected, instructor was included as a standalone variable in
an attempt to more specifically isolate CBI effects on criticalthinking gains when multiple faculty used the same method.
Prior critical-thinking skill and instructor have significantly
affected critical-thinking gains in other studies as well (Quitadamo and Kurtz, 2007), with the former being a major
determinant of future critical-thinking gains. These results
further underscore the need for critical-thinking skills to be
explicitly taught (Miri et al., 2007), not only in higher education, but throughout the K–20 continuum, so that students
are provided with equitable opportunity and necessary tools
for learning success. Teaching these skills during formative
years will serve to decrease gaps in critical-thinking performance as students continue their education.
It is interesting to note that nearly all ethnicities experienced greater critical-thinking gains in the CBI group compared with the mixed and traditional groups. Presumably,
this benefit comes from using an instructional method that
promotes student-driven questions and research. By precluding an instructional top-down model of what is and is
not important to individuals, students are encouraged to
choose their own area of research. By engaging them in a
rigorous scientific research process, these students learn the
values and beliefs of science without a particular viewpoint
being imposed on them. This in turn may encourage greater
openness to learning, which ultimately manifests in greater
thinking skill. However, this interpretation is speculative,
and further research is necessary to uncover cause and effect
relationships between CBI, ethnicity, and critical thinking.
It was also interesting to find that CBI helped females to
erase critical-thinking deficits seen in traditionally taught
course sections. Perhaps the collaborative nature of the CBI
334

Traditional

Figure 2. Comparison of analysis, inference, and evaluation skills for CBI, mixed,
and control groups. Gains scores indicated
by national percentile ranking. *Significance
tested at 0.05 level. Error bars based on standard error of the mean.

model and increased connection to community issues encouraged women to take a more active role in STEM learning, and thereby gave them opportunity to practice criticalthinking skill to a greater extent than traditional drill and
skill instruction. Small group collaboration, which was used
to some extent in CBI, mixed, and traditional groups, is
known to improve attitude and promote student achievement in STEM courses (Springer et al., 1999) but less is
known about its effects on critical thinking. Despite the use
of small groups in both the mixed and traditional groups,
critical-thinking skill gains did not occur. One interesting
project would be to consider male only, female only, and
mixed collaboration group effects on critical-thinking gains.
More research is required to tease out the particular elements of CBI that caused gender differences.
Although content knowledge was not assessed using a
valid and reliable instrument, it is important to note that CBI
instructors “covered” the same amount of lecture content as
they had in previous, traditionally taught courses. The perceived lack of content knowledge is a common criticism of
teaching methods that focus on thinking process, although
recent studies have shown no content knowledge penalties
manifest (Sundberg, 2003). Future iterations of this research
will include a standardized content knowledge assessment
to further clarify the relationship between content knowledge and thinking-skills development.
Faculty considering whether to use CBI may wonder
about their specific role, and if time and energy spent
implementing the method will produce better scientists.
Aside from engaging in meaningful research and learning
to think critically, it is also important that students learn
to appreciate the values and beliefs inherent in the scientific enterprise. Faculty played a pivotal role in CBI, modeling a range of good scientific behaviors from how to
problem solve and create an effective research design, to
drawing conclusions based on evidence. A clear emphasis
was placed on the value of discovery, not just rote facts.
Faculty trying CBI for the first time may also find students
CBE—Life Sciences Education
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tend to become increasingly frustrated over the first 3– 4
wk of the term because they are asked to do more than
memorize. Whereas others have found students may retain skeptical attitudes of new instructional methods for
some time (Sundberg and Moncada, 1994), our results
indicate CBI students rapidly become acclimated after
approximately 4 wk as research projects begin and beneficial relationships between investigative science and critical thinking become more clear.
Learning how to use critical thinking as the course framework (Pukkila, 2004) and clearly connecting this to the scientific method (Miri et al., 2007) appears to be a major
determinant in the success of the CBI model. This may
explain why students in the mixed (and traditional) groups
did not show critical-thinking gains. Major differences between the CBI and mixed groups were: (1) the time that
course instructors spent in lab modeling knowledge, skills,
and behaviors of investigative science, (2) the ability of
faculty and teaching assistants to ask Socratic questions, and
(3) the extent to which instructors integrated the fundamental elements of CBI, including undergraduate research, case
studies, and lecture content discussion. In and of itself,
adding an inquiry laboratory component and talking about
critical thinking without building it into the course are unlikely to produce meaningful critical-thinking gains. Although not tested explicitly, is possible that the tighter integration of lecture and laboratory (Sundberg, 2003) in the CBI
group could have accounted for some of the critical-thinking
gains.
Some practical considerations for adopting the CBI model
include the requirements of greater collaboration with colleagues, clearly defining for students what kinds of criticalthinking behaviors and skills are expected, and developing
explicit examples of how critical thinking relates to the
scientific process (Miri et al., 2007). Time spent evaluating
and providing meaningful feedback on research proposals,
journals, and posters is another potential concern. In this
study, implementation of CBI did not take more time and
effort per se; rather, it required faculty to reconceptualize
how they spent their instructional time and adopt different
primary objectives. For example, students were informed
ahead of time that each member of their research group
would receive the lowest common grade for their proposal
or poster. As a result, they tended to self-regulate group
behavior and productivity and became less tolerant of noncontributors. Rubric evaluations, which would be time-consuming if faculty completed one for every student, were
provided for each research group. Group members then
discussed strengths and weaknesses of their submission and
worked collaboratively to address them. Faculty and teaching assistants must understand how the CBI model is different, why it is being used, and what they can expect from
students (Sundberg et al., 2000). Training on CBI objectives,
how to evaluate student work using a rubric, and reinforcement of the Socratic and just-in-time teaching methods of
CBI are required for successful implementation. It is also
important that support staff be aware that students will be
making a variety of requests for equipment and materials in
the coming weeks and that these requests are somewhat
unpredictable.
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Future Directions
The CBI model has worked repeatedly for faculty included
in this study. CBI has created a buzz among students, which
has prompted faculty at our and other institutions to ask to
be taught the model and corresponding techniques so they
can use it in their own courses. At this point, all faculty
teaching nonmajors biology at our institution use the CBI
model, partly because students better learn how to think,
and partly because it is more fun to teach courses that
involve discovery and research. However, it is not clear how
extensible this model is to other disciplines. Further study
would involve implementing CBI in nonmajors STEM
courses such as chemistry or physics. Two of the authors
have implemented CBI in majors cell biology, genetics, and
microbiology courses, with similar benefits.

CONCLUSIONS
The results of this study are encouraging for faculty who
seek better alternatives than traditional lecture and laboratory methods for promoting critical thinking in STEM general education courses. Based on previous literature and the
results presented here, we conclude that CBI helps improve
critical-thinking skill in general education biology, and
should be considered by faculty searching for better ways to
improve STEM teaching and learning. It remains to be seen
whether this model is extensible to other science disciplines,
and further study is necessary to evaluate the widescale
suitability of the CBI model. As a research-based instructional method, CBI has the potential to improve essential
learning outcomes like critical thinking, and through this
process enhance the cognitive performance and competitiveness of the general population. As we all search for better
ways to improve STEM teaching and learning, faculty
should consider CBI.
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